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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#110bise, there are some agreements related to PUCCH repetition and PUSCH DMRS bundling for NTN:

Agreement
For PUCCH for Msg4 HARQ-ACK,
· Support PUCCH repetition
· Further discuss the specification impact for at least the following
· Procedure and signaling (e.g., cell-specific configuration, request to gNB and dynamic indication from gNB, UE capability indication before Msg4, etc.)
· Repetition factor
· Repetition slot counting for FDD
· Further study whether to enhance or support the following
· Frequency hopping
· DMRS bundling

Agreement
For PUCCH repetition for Msg4 HARQ-ACK,
· Discuss the following options of procedure to perform repetitions
· Option 1: UE always performs repetition if configured in cell-specific manner
· FFS: details of cell-specific configuration
· FFS: behavior of UE being incapable of repetition
· Option 2: UE requests repetition and is dynamically indicated to perform repetition
· FFS: details of repetition request
· FFS: details of configuration and dynamic repetition indication
· Option 3: UE indicates repetition capability and is dynamically indicated to perform repetition
· How UE indicates repetition capability before Msg4

Conclusion
For PUCCH repetition for Msg4 HARQ-ACK,
· The existing mechanism on repetition slot counting (as in section 9.2.6 of TS 38.213) can be applied.
· FFS: whether specification update to apply the existing mechanism to PUCCH repetition for Msg4 HARQ-ACK is needed.

Agreement
For NTN-specific PUSCH DMRS bundling,
· Discuss further the need of enhancement in consideration of at least the following:
· Phase difference due to timing drift and/or doppler shift.
· e.g., whether/how long a UE can meet phase continuity requirement specified as Table 6.4.2.5-1 in 38.101-1 in consideration of frequency error within ± 0.1 PPM specified in section 6.4.1 of 38.101-5 and timing error specified in Table 7.1C.2-1 of 38.133, whether RAN1 should introduce enhancement to meet the requirement and/or recommend RAN4 to update the requirement or UE should pre-compensate phase difference by UE implementation, etc.
· An event which causes power consistency and phase continuity not to be maintained.
· e.g., whether the new event is necessary to determine actual TDW(s) from each nominal TDW or the existing specification can work without any specification change or whether such event may not occur depending on implementations, etc.
· Note: baseline performance for legacy UEs can include antenna switching

[bookmark: _Hlk117153843]Agreement
For PUCCH transmission for Msg4 HARQ-ACK, supported number of transmissions are 1, 2, 4, 8.
· Note: single PUCCH transmission is performed as in the existing specification, and/or (if supported for single PUCCH transmission) according to configuration/indication e.g., in signaling with respect to number of transmissions.
· FFS: whether larger number of transmissions is supported
· FFS: whether/how single PUCCH transmission can be configured and/or indicated

In this contribution, we discuss the issue related to PUCCH repetition and PUSCH DMRS bundling.
2 Discussion
2.1 PUSCH DMRS bundling
In R17, joint channel estimation across multiple consecutive slots based on the conditions to keep power consistency and phase continuity is introduced. In the joint channel estimation, nominal TDW (time domain window) is introduced to specify the channel bunding time duration. The duration of each nominal TDW except the last nominal TDW, in number of consecutive slots, is given by higher layer configuration. A nominal TDW consists of one or multiple actual TDWs. The start of the first actual TDW is the first symbol of the first PUSCH transmission in a slot for PUSCH/PUCCH transmission within the nominal TDW. The end of an actual TDW is the last symbol of the last PUSCH transmission in a slot within the nominal TDW or the last symbol of a PUSCH transmission before an event.
For NR NTN network, there are several NTN-specific characteristics: large propagation delay and satellite movement. The large propagation may lead to large TA value, necessity of K-offset and K-mac for timing relationship between downlink and uplink, and misalignment between downlink slot index and uplink slot index for both gNB and UE side. 
The satellite movement may lead to the change of propagation delay for both service link and feeder link. For feeder link, the updated propagation delay will be determined by the common TA and the corresponding drift rate indicated in SIB. For the service link, the updated propagation delay will be determined by the UE’s position and the satellite’s position. The satellite’s position is determined based on the indicated satellite ephemeris. UE’s position can be measured by the UE itself with its GNSS module. Configuration of GNSS measurement gap from gNB to UE is necessary. Both the common TA and the satellite ephemeris will be associated with a timer. And the new common TA and the new satellite ephemeris should be derived by the UE before expiration of the timer for proper operation. The satellite movement will make the TA UE derived for uplink transmission compensation change from time to time. The TA update may change the uplink transmission timing. The TA update may also lead to UE reporting of the updated TA, and based on the reporting, gNB may determine an updated K-offset. The gNB may further indicate it to UE by MAC CE. The updated K-offset is applied after a duration(3ms) from UE transmitting A/N corresponding to the PDSCH carrying the MAC CE. In a word, satellite movement may lead to update of TA and update of K-offset.
The adaptation slot for the update K-offset can be a slot that multiple repetitions of an uplink channel are transmitted, which will lead the UE behavior ambiguity.  There are two alternatives to determine when to apply the updated K-offset:
· Alt 1: Application of the updated K-offset can be at the start of each repetition of the uplink channel; 
· Alt 2: Application of the updated K-offset can only be at the first repetition of the uplink channel.
Our preference is Alt 2. The reason is that using updated K-offset within the multiple repetitions of an uplink channel may lead to transmission symbol/slot overlapping or transmission gap, This is not desirable. 
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
For joint channel estimation, a window duration will be configured from gNB to UE. During the window, it is expected that the transmission phase is not changed, so that joint channel estimation is possible. The window is consisting of uplink time domain resource, and the start of the window is determined to be the first scheduled uplink channel. 
Regarding the impact of large propagation delay, it will only impact the start of the window, and existing solutions can work.
Regarding the impact of satellite movement, there may be time and frequency drift. There are mainly two alternatives to solve the issue:
· Alt 1: Update time-frequency compensation at UE side more frequently.
· Alt 2: Introduce new event to terminate the joint channel estimation window.
For Alt 1, the update can be performed per slot or per several slots. During adjacent time-frequency pre-compensation, the changed time/frequency offset is limited, so that it can be within the RAN4 requirement, so the joint channel estimation window is not impacted by time/frequency pre-compensation. However, for each time/frequency update, the new time/frequency position may be larger than or smaller than the old time/frequency position depending on the satellite position and the satellite velocity. So gap at time and frequency domain is necessary. Although it can be solved by scheduling, there will be some resource waste.
For Alt 2, TA update should be considered to be an event which terminates the joint channel estimation window per R17 agreement. So in R18, when there is a TA updated due to satellite movement, it should also be considered as an event to terminate the window. The consequence is that the window size will be reduced, and the joint channel estimation gain will be impacted. There is no resource waste which is the case of Alt 1.
Regarding whether to adopt Alt 1 or Alt 2, we think a combination can be considered. If the resource waste is acceptable, there can be signaling from gNB to UE to indicate when to perform time/frequency pre-compensation. And after that, if the time/frequency pre-compensation exceeds a threshold, then the joint channel estimation window will be reduced by the time/frequency pre-compensation.
Regarding update of K-offset within the joint channel estimation window, it is preferred that application of K-offset is only at the start of the joint channel estimation window similar to the case of available slots.
Proposal 2: Time-frequency pre-compensation at UE side can be indicated by gNB in slot level to satisfy RAN4 requirement.
Proposal 3: A TA update at multiple slots level can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
2.2 PUCCH repetition for msg 4 HARQ-ACK
It is already agreed to support PUCCH repetition for msg4 HARQ-ACK for coverage enhancement. And the possible repetition can be at least 1,2 ,4,8. There are discussion on the related procedures and signaling for PUCCH repetition.
The repetition number for PUCCH for msg4 HARQ-ACK can be configured in a cell specific way or in UE specific way. For the case with cell-specific configuration, the configured repetition number should consider the UE with worst channel condition. The repetition number for an actual UE can be equal to or smaller than the configured cell-specific repetition number. There will be some blind detection at gNB side, and the resource should be reserved based on the cell-specific repetition number, so there will be some resource waste.
For the case with UE-specific configuration, the PUCCH repetition number for each UE can consider the channel status of each UE, however, there will be signaling overhead to indicate the repetition number for each UE.
At the 1st step, a set of RSRP threshold or satellite angle/distance threshold can be configured to UE in a cell specific way, so that each UE can determine the preferred UE-specific repetition number based on the measured RSRP, satellite angle or satellite-UE distance. 
In 2nd step, the preferred repetition number for each UE can be reported to gNB for proper configuration. The reporting can only differentiate repetition or not, or alternatively, the reporting can indicate a repetition number including 1,2,4,8. Due to the large propagation delay in NTN, it is preferred the reporting is carried in previous existing channel before msg4, e.g. indication in PRACH or msg3.
In the 3rd step, gNB can configure to UE the repetition number to UE. The indication can be explicitly in msg4 or it can be implicitly determined based on the repetition number for msg3 and msg1. Adding new fields or reuse existing fields can be considered.
After these three steps, the repetition number for PUCCH for msg4 can be determined. Although there are more steps/signaling for the UE specific configuration, we still prefer UE specific configuration due to suitable repetition number for each UE.
Proposal 5: Support UE specific repetition number configuration for PUCCH for msg4 HARQ-ACK.
Proposal 6: Using new fields or existing fields in RACH procedure to indicate the repetition number for PUCCH for msg4 HARQ-ACK.
2.3 Reduce polarization loss
There will be LHCP, RHCP and linear polarization in NR network. Depending upon UE capability, a UE may have linear, LHCP, RHCP or both RHCP and LHCP polarization types. In R17, polarization related issue is discussed. It is concluded that a polarization type at satellite gNB can be broadcasted by SIB, and only when the polarization mode is matched between gNB and UE, the UE can access the network. There are also other schemes discussed such as polarization multiplexing, however, no agreement is achieved.
For a UE with linear polarization, if the satellite gNB adopts LHCP or RHCP, there will be 3dB polarization loss due to mismatch. Especially this mismatch loss will lead to a reduction of coverage during initial access and potential occurrence of beam failure. Hence, a polarization type for initial access channels (especially for uplink channels Msg1/Msg3 that may already be pruned to low coverage) may need to be configured by the network. Therefore, it is preferred that the polarization mode between gNB and UE is matched in order to reduce the polarization mismatch loss. Rather than just deny the UE’s access, it is preferred that the satellite gNB can serve UEs with different polarization types with matched polarization mode. UEs with different polarization types can be served at different time instances. That is, the gNB serves a UE with LHCP by setting the gNB’s polarization mode to LHCP at a first time domain resource, and the gNB serves another UE with linear polarization mode by setting the gNB’s polarization mode to linear at a second time domain resource. Different polarization modes can be associated with different CSI-RS resources or SSB indices. During the initial access procedure, gNB can identify the UE’s polarization mode, so that proper scheduling can be performed. Indication of the polarization mode to a UE can reuse existing TCI framework, so the spec impact is marginal.
Proposal 7: Study the impact of polarization loss on the coverage of initial access procedure
Proposal 8: Study the scenario where gNB adopts different polarization modes to serve UEs with different polarizations modes at different time instances.
Proposal 9: Study the association between polarization mode and RS.
2.4 [bookmark: _Hlk101973196]Diversity based coverage enhancement
Frequency hopping is already supported in legacy NR release. It can still be used to provide frequency domain diversity for NR NTN. Regarding NTN specific characteristics, diversity by utilizing different satellite or different carriers have been mentioned during previous discussion. However, the scenario is a bit complicated, and considering the limited TU, we don’t prefer such kind of diversity to be studied in R18. 
Polarization based diversity can also be considered. Polarization can be supported for both initial access procedure and data transmission in RRC connected state.  In initial access procedure, SSBs with different polarization mode can be used. In RRC connected state, different polarization modes can be used at least for different time domain resources to achieve diversity gain. Moreover, the uplink initial access channels are more vulnerable channels, owing to large path loss in NTN. In NR Rel 17, time domain repetitions for Msg 3 were supported. However, the number of supported repetitions may not be sufficient due to larger link budget requirements in NTN. One way to increase the coverage is to increase the number of time domain repetitions, but this would require sacrificing more resources. Alternatively, a polarization based repetition may already double the time domain repetitions, without the need of utilizing additional time-frequency resources, as one set of time-frequency domain repetitions may be transmitted with one type of polarization (e.g., LHCP) while the same set of time-frequency domain resources may additionally be transmitted with other polarization type (e.g., RHCP), i.e., a repetition in the polarization domain. 
[bookmark: OLE_LINK2][bookmark: _Hlk101537844]Proposal 10: Study the polarization based scheme for uplink initial access channels.
2.5 CSI aging compensation
Accurate CSI feedback helps gNB in scheduling optimal resources to a UE to achieve higher performance. However, longer transmission delays or large Doppler in NTN may have severe impact on accurate CSI feedback. This problem may be less severe in line-of-sight (LOS) channel conditions, where the channel is fairly stable. However, in non-line-of-sight (NLOS) channel conditions, this problem becomes severe since the channel ages (out-of-date), resulting in scheduling of outdated reported quantity from gNB to UE, thus reducing the overall performance/coverage. 
In Rel-16, a limited study was carried out to see the effect of increased CSI feedback delay on throughput performance. Some of the presented results show that delayed CSI feedback would result in reduce spectral efficiency especially in NLOS conditions. Different methods were evaluated where prediction-based CSI aging compensation showed an increase in system throughput. However, no agreements were achieved on solutions and their spec impact. It was concluded that the CSI framework specified in NR Rel-15 can be used for NTN link adaptation at least for LOS scenarios. In our view, this needs to be further studied especially by using the parameters for commercial smartphones with more realistic assumptions on antenna gains. Moreover, in our point of view, prediction-based methods would be more beneficial if implied by UEs than by the network. Furthermore, the specification impact for prediction-based CSI compensation needs to further be discussed. 
Proposal 11: Study the impact of CSI prediction on system performance in NLOS channel conditions.
3 Conclusion
In this contribution, we discussed the issues related to coverage enhancement for NR NTN, and our proposals are as following:
Proposal 1: Updated K-offset MAC CE is applied at the start of the first repetition of an uplink channel.
Proposal 2: Time-frequency pre-compensation at UE side can be indicated by gNB in slot level to satisfy RAN4 requirement.
Proposal 3: A TA update at multiple slots level can be considered as an event to terminate the joint channel estimation window.
Proposal 4: Application of updated K-offset is only at the start of the joint channel estimation window.
Proposal 5: Support UE specific repetition number configuration for PUCCH for msg4 HARQ-ACK.
Proposal 6: Using new fields or existing fields in RACH procedure to indicate the repetition number for PUCCH for msg4 HARQ-ACK.
Proposal 7: Study the impact of polarization loss on the coverage of initial access procedure
Proposal 8: Study the scenario where gNB adopts different polarization modes to serve UEs with different polarizations modes at different time instances.
Proposal 9: Study the association between polarization mode and RS.
Proposal 10: Study the polarization based scheme for uplink initial access channels.
Proposal 11: Study the impact of CSI prediction on system performance in NLOS channel conditions.
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